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FEREAT AW sk, XA 7T 25 SR A M A T VAR I
R BEAT AN TR, 38 5 85 2R W 135 0 e A i 52

eDNABAR I TR G2, WA . HA%
AW ARSESEY) B =SSR, BRI R
FHAZ TR 40 B S BB 7, AiBrinkhofra ! ™3 1 1
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MR E 4 A6 S8 T P S b X 1 74> /N B3
UIRRP R R EL 1261 DNAKE 5 B I3k 15644
T it PR PP 2540, 357 1 A G SR T VA FIDN A ST R
R4 8 715 ParducciZe! ™ AKE b5 22 B #5 E  RY
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oA 5 FAEIE I SRR 2t EAG A S

eDNAFAR ] B T XM A R e e 2 A
A AR AN o REARR S8 )M AT e T () B AR 5
51 3 A AE A6 38 T IR IR /N B 56 T N )
L7 B ) B 7, Mahon ™R F e DN A F K
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i (Hypophthalmichthys nobilis), 47 #]F 20004 7£
F SL B RI20 104 72 E B R 77 i RHBI4 A6 km
f o7 B AS I F 9 . Eichmiller ™ W A7 T 5% 74 75
bl YAT 3 AL 38 /N B VF Lake Staring (1) A\ R il
(Cyprinus carpio), ta MBEZNT5%, BAEVIFIES)
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2.1 eDNATEMHENZHMMRPHHERRE
MEEEAR

7EF] FH e DN AR FC 8 1 A= ) 2 R PR B, e i
PEAEMREREE .. REFEMRG T, 2757
UEAE b B B 3N B BT T o SRAEWIVH KRR S FR HL
eDNAR], F/MFE L REEASE, HilH FHEE /DK
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B RS RAE
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eDNAFZHL
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Fig. 1 Key experimental steps for detecting lake biodiversity
based on eDNA

AN R AR KRR i, R B A S 2K I
FLIK RO R G Y FIDNA, W5k H
R AETT I BN KA K 15 mL, FFRE4T3 K
HRFE. Agersnaps5”F e DNAXI P H B AN
25 22 34N VA B B EF 8 (Astacus) VUS43 2R G
(Astacus astacus, Pacifastacus leniusculu, Astacus
leptodactylus clade I and II1)3EAT 7 M, sE36 i 72
o SR A (R AN KRR i B 75 500—1000 mL.  Fujiis™”
M A 3 3 14 [B] K1 S S A 182870 A1 7K
T 2K A 1000 mL/K A i, 4T eDNASELS, JEA7
FP 25 5 4% 48 RAE D7 13K AF 0 45 SR BEAT T HLAR,
eDNARY H % 38 50%. Muhas U g 7 3 g
15. 100, 250, 1000F12000 mLZKFE i 3R 15 1
eDNA= &, FI ] 12S rRNAKG i Bk AT 5 & fipst X
J Wi (Polymerase Chain Reaction, PCR) 1L} % )
7€ T PCR(Quantitative Real-time PCR, qPCR)¥ 14,
25 R 72000 mL/KFE i 3R e DNA B %, H
FHECT 100F1250 mLAE i (I qPCRY™ 1Y 4% A i,
LT 7 S SRR B P 35 v JOAE 4 ) RS SR ff o 3o i
FEALAR R /INARTAT (I 7K &, R AT RE 2 (R R B2 K
FEAEAT eDNASES: o /b RAE I 75 B, SRAE
— B H B TE, IAERFERT I 10%35 5 7
THVE T FH S A S A6 37 M, SRAE INE FH 275 K Al 9 4
SRR, DAMEII TR is e

H A KA eDNAFE ZAG 3R 77 k. UiiE
EAE Ok o I BRI I R AT Rh R, AT
eDNAL A 7EJEEL L, AT FE i e DNABEAT I
S RIS TR OEAL 76 R R ML — 2 L1
RN (CH;COONa) Fl /K 2% (C,HsOH), i
eDNAK ARG ™) B0kl i 8 B 0obl
W — R BRE S AT B0 AL B, feDNA K AE T
B, M IE B 47 AU #eDNA K H B9 Deiner
SR P ek Ik T S 0 AT SR RO B P R K
B, e RUIA A S IIETRTEZ B
eDNA. Eichmiller&”" H#5 T 350 FAE T A3
1 RDNA 7 &, 45 R 3R WA I 8k vy 3R 19 58 s i)
1 RDNA &, H R B 0IE, YITETESRAF ) 2K
DNA &k, BRI TR W], IR K2
%, Be AT HeDNA ™ &l s, ml kil Yl 2 B
Pr . (E 0K R GBI B R 2, IR
y B ZE/INFLA (PRI, BHBIEN 57 S50 id o Filid i el
38900 58 R 1) T R AR I — R R . Ma e
F FH e DNA T J K VL VL IR B M ) sz B # b, Oy
B 17K pog i b FE DR S, Je K R B 2
AR KR dt B AT 00 i, DAORUE 2 8 103 JE K &
Hunter: ™ b 7 ] — Tk JE M1 6200 mL/K B3k
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500 H br A BL e DU, A 45K S8 15 €800 mL/K
&5 G P HUDNARTS IR H br v Be#s AL il gt
FE P B K PR B 38 O T DR P BE ZE ek g8 AL, 45 R
A 45Kk JE I AT A3 H Ar v B $5 DUEOR A s — e
Frfg ¥ VLA 4,415, RIALEE G T 1k 38 FLIH ZE /015
LR, AIRAREE 2 0 HAw B, B 2 5k R [R]
— R KRR S IEAT L8, SRS L AR

5 1T 1) e DN AR 2 5846 [v1] 38 3 SR R 7K R it
S R AR 2 R AT MR, A A R R K
FE S BEAT I8, /4745 2 PR R S T RS i, R
ERRZ ML H45 LK R, L3RG HE £eDNAM,
JENE B FLAR RIS S5 2 X6 i e I 8] AleDN AR FE —
ESZIE, H AT BT T 2 K F 3 S 41 4 25 JE R (GF).
TRE YR IEE(MCE). MR 4T 4E £ JE I (NC).
JE T PENE(NL) B IR g Y8 JIsE (CF) B 58 Tk AL 08 s
(PES), fLA27£0.2—8.0 um. Eichmiller% "% T
1.5 um GFA10.2. 0.6+ 1.0525.0 pm CF7E T K
FE G IR B F12RDNAF &, 45 BRI 1.5 um
CFREIRTF M Z IDNA & . Ligs" e 7RI HA
[ FL A% 049 [ A s ) X G 5 Jth 3 v i SR R B 465 )
(A R R HERf 1, 45 SRR 10 0.45 um GFR IR,
A[3R1S 2 [eDNA &; {H50.8 pm GFAHLL, &
B K g 3 YA E); 1770.8 pm GF B 3& T i gV
M E IR AR R S B KA

PR M A EERE L ORAT 7 A B Tk i2eDNA
(1) P IARE, 12 e DNAFEINRIR,, 3545 58 #AR (1) 51
K4, Renshaw’s i 57 T 7EeDNA R FEFIE Hi
I FR RS B A VA B A R 25 A, T DA FH R 3K 7
HEATRE S ORAT, 45 B3R I B 7S e 2k = Ry b e
(CTAB)MILongmire’s M Pl 2 fiff 22 ph A = i
(20°C) T LA A7 eDNAP JH LL 1. Hinlo% ™ bt
T T LU S K BEBE N 100% 385 K (R A7 76 =5 I5. 3R 855
FR IR (R AFAE—20C HIeDNAFRAERICR, $2 5
Foh ORAF 7 2UAH B, AR 568 95 % I FS TRAF I 25 18,
X ] DASAE DR BT A FH UK B AR 34 A S g AT PRl 74
%, MAdi FHH CTABEL Longmire’ sk 7l A~ B B 2 PR A7
DNA [ ) B3, HPRS 0 A 5% . MajanevaZe ™ A
WIYAANA A S R G R H2eDNAFE &, HLiE TRIE
A URIRAF(—20°C) {3 FH VP R B3R 2% PR (Ly sis
buffer) FIE i T4 55 A [FRE 5 DR A2 AR I 3R45 1)
A2 R, 85 BRI E A F lysis 2 M sk 13
— SRR A R A SPESHIEL, FIFIMCE
KFFREIRAT T — B 45
2.2 HRIMMEHS T eDNARIZEN

eDNAFZHU L FE A T B IR FE i F DN A
M TEHE T4 B AN 4 B 28 TR A SR, T HLREE A 2K

FBRPCR S W (fn: i SRR A A 5. et
TR R A B 2R, AT RO R L
DNAZRHIF A 511 () 55 Kbk . eDNAFR Bt
P b i 5 BV T I, — 23R4S I =i e DNA ™
WV, R A Ry, X LR S AT RE R A A
Wt B ) BB R AR A BT (S A
J7) s eDNAFRHAT LA H AL 1) 77 35 55 7 b i
&, TN AN FE TN GOR A& IR U V. B
HA M IR 85 FR R B DNA, 2 81 X0 505 BT,
X F 3 & A7 (Phenol-chloroform method, PCIi%)#2
EleDNA, W1OchsenreiterZs"**' | Fl e DN ABF 7T 15 &1
VA o AR 2 AR, FEX A T e, e
fige v EE B R AREK S, B FHPCIVESE HUDNA
—H PR, 552 FH 1R Z e DNAFIH 7T /& K FIPCLIE$2
IWDNA, H A3 70K BRI PCHEA NGFEINC 2
HY f7eDNA £ [ F F Qiagen DNeasy Blood and Tis-
sue DNA extraction kit(fij FRDNeasyif 7l &) K15 1
B, HpAEARE . (HFAPCIE S 52K
Py A SR — S8 0, RHAE S50 B AR I 22
A B AT AL ER AN SIS R M AL B, AL
F, 2 T A A A R AR ) £t A7 e DN AR ™,

FATTRH# I eDNA 2 Fh g B iR AT 1 8B
FEE (R 1) & TR 7O REIANE], AS[E )
EIEIDNAR) AR A, HAEW IHeDNARF 5T
T RA ML k2", HifeDNASREZ
K HIDNeasyik /% . MoBio PowerWater DNA Ex-
traction Kit(fi #XPowerWateri 7| &) MoBio
PowerSoil DNA Extraction Kit({&FXPowerSoilif 7]
)« MP Biomedicals FastDNA SPIN Kit({& #XBio-
medicalsit 7 &), MP Biomedicals FastDNA SPIN
Kit for soil(f& #XBiomedicals for soilififl] &)
PowerMax Soil(f8 #XPowerMaxif 7 &), Qiagen
QIAamp DNA Stool Mini Kit({&#XQIAampiat 5
#)F1DNeasy mericon Food Kit({# #XDNeasy mericon
WSS FEXTANE B bR A, nlakEEA R 1)
AL, R B I FIDNASR AL o T4, £ Tiff
FUH A R W AR S R B 4 K B e DNAFE it 7]
RIS R R AT . Deiner s TR
FIHA AR £R B KA i, e 678 FH T A I A 5h 7))
FIR AL FLBh P e DN A SRAE A HE EU 7 Sl A= 4
ZFEE, g5 R X T #oK AR, A H IS 9875 3R 18
eDNARE i JF I & PCIA TR FXDNA, m] 3R 15 5 i
eDNA" & UTIE L3R5 eDNARK & PowerWaterit 71|
IR eDNA B I WA H 2 E, FI L
JE75: 3515 e DNACL & DNeasyiat 7 & 7l DL I 1) 55
Z () H A7 . Eichmiller:" 75 | il eDN A fi
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(Cyprinus carpio) AT W WA E & 73 Hrf, LR T
6FIDNASEHUA T & AR, % T H K FA 5L,
F i Biomedicalsif ) & vl ARG i 2 B DNA, {H
F= 8 B i 5 T Biomedicals for Soil fIDNeasy
AN EGTEL PowerSoil i 7l &0 T H A FBA H R AR A
i PP B R — 3, (& T3 V2 AR B 2R A
TELEE T T A [EleDNASREFIE U145, H#EE
1.5 um GFJfH Biomedicalsit 7l & #2 FUDNA;
N FH e DN A X i 5 L Ath B R 8 247 2 2 o0 A i,
HPH H0.2—0.6 pm CF, 1§ FH PowerSoilif 7] & /&
BOB T . HinloZ ™ e 7l 7 A4 5 I et
JEKFE M, £-20°C B K =R 217, FI I DNeasy
FiPowerWater i i ik 71 £ $2 il e DN A H 1 17 qP-
CRI T, 45 R TCIR A R A7 77 3K, 3372 FIDNeasy
W B HE IUDNATS B 145 R 4T o

PR B b B4 ) o S R A A
V). FEEERRANE G, BT A o) 1 B R A
B4, JF B FRDNARS Qe ast™ . X e pg,
e TIHDNARUE R4 R fiE, 5
DNA —E Rk, sm Hea i ™, i,
ST PR AEIHIAE A2 VP e DNASE U AR 5 1)
f&¥. Eichmiller®s™ Stk 7t Bt FH A6 Pk 7 G4 HN
eDNAF= A W4 Hil 4/ 34T 7 90 #r, &5 R KW
PowerWaterf1Biomedicalsi 7l & A W %2 21| 42 f3 1)
FMFEVEF, 7] 38 13 e DN A $E B 995 15 4 A5k
2% fi#; DNeasy il fll &= A= i 2 MIHIHIE R, RA%
eDNASE = WIRRe Tufts A RefS 2 52 -
2.3 HIARER T EIeDNAK

(] i 25 T~ e DN AT J& (19380 v 264 22 FF 1 t 7E
A LUK e DNAKTIN 73 P K — 22 F H eDNAXY
FEEV MR AT R 55— H FHeDNA %

IS H AR (eDNA metabarcoding) X} £ Fh A= ¥ 5
AT o

FFEYMS LR R eDNAF AR — el 7
FTF AR 2R . WG M A kR s, xt-F2
Hs VYR S ) P () A T A o o YT R R U L
X (Neophocaena asiaeorientalis asiaeorientalis)[38],
KW B R 2 YD Je A 2 SR
IE . 7K R FR I T 2 A0 B ER Bl 2 W (Pelo-
bates fuscus)~ AL BWEHE(Triturus cristatus) 7K
Wi(Lutra lutra) BRINHT IR (Misgurnus fossilis)«
M K F& & ®(Leucorrhinia pectoralis)F 5 7
(Lepidurus apus) S Fh & Fo 4y 47 1 B e 4T s s
SRR MRS U B i [ G e 3 il R 28 7R - A2
ISR el v 3 1 A6 36 2R ik (Lithobates catesbeia-
nus)™"\ AR 30 S B 7 i1 (Lepomis mac-
rochirus)"" V126 [F TR X B HEAE 5 (Gymno-

53
cephalus cernua)” 2,

X TR V)P R A ) e DN AR I 3 228 1%
THEF R S AT PCR, I B As ;i Bodb AT o fh %
e, — R 2RI DNA BT JE VA £ ke
BRI R 5 e v 4 DL L IX 23 0 R R R = 7 )
W%, BT R R U AN =, AR s
SR AT eDNAK I o 28 B ) Lo 4 JE [
fFECyt b COT . 12S tDNA. 16S rDNA. D-
loopZ, F Bt K/NMES0—200 bp'' " ¥, i Rk 5
Yy AR H bR Bl BB 1 € SRR DNA 41
sert, H R Bk B & a7 P &
K, THRA RN, feA X pingM. % H
1) 51 98 1 A A 55 Primer Express 3.0.1. Primer
premier 6.0F1PrimerHunter2" > > %3y thr e s
V)RR AT AR, H AR A BRIy 1S 2 R H

Fz1 AR TDNARBMERS X
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Fig.2 Major analysis steps of eDNA high-throughput sequences
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Abstract: Lake is indispensable part of inland water ecosystem, and China harbors numerous lakes with rich biodi-
versity. In recent years, the degradation of lakes severely lead to the decreasing of level of biodiversity. Therefore, lake
biodiversity has always been a research hot-spot in limnology. All efforts to research on lake biodiversity essentially
depend on monitoring species composition, population size and distribution. Such studies traditionally rely on morpho-
logical identification through biological specimen surveys, until to Environmental DNA (eDNA) arose. eDNA exists in
the environmental samples such as water, soil and sediments. This feature makes eDNA to be a good indicator to moni-
tor past and current biodiversity. Using molecular biology methods to monitor lake biodiversity is conducive to under-
standing the dynamic changes of lake ecosystems and is of great significance to the development of lake ecological pro-
tection. Compared to traditional investigation methods, eDNA is an non-invasive, efficient and easy to be standardized
research approach. It especially doesn’t rely on experts’ experience and professional level of morphological classifica-
tion. With the development of high-throughput sequencing (HTS) technology and emergence of eDNA metabarcoding,
eDNA can be used as a supplement or alternative to traditional investigations. It is currently the most economical and
effective method for lake biodiversity research. Lakes are easier to be enriched DNA owing to static water environment,
therefore more suitable for applying eDNA methods to carry out their biodiversity researches. This article reviewed the
application of eDNA in studies of the lake biodiversity. We also summarized the related experimental design, and ana-
lyzed challenges and prospects of this method. The application of eDNA in the lake biodiversity indicated characters of
research objects from low-level organisms to high-level organisms. The samples are mainly water and sediments. By
extracting ancient DNA from lake sediments, the lake history and the evolution of biodiversity have been studied;
eDNA extracted from water samples can be used to understand the current aquatic biodiversity in the lake. The experi-
mental technology of eDNA includes sampling and preservation, DNA extraction and detection. The three main as-
pects to determine quality of eDNA samples include suitable amount of samples, sampling methods and storage ways.
eDNA can be used to detect specific taxa or multi-taxa based on PCR/qPCR with specific primer or meta-barcoding
technology. The application of eDNA in lake biodiversity faces challenges such as lack of optimal experimental proto-
cols, contamination, errors and imperfect taxa DNA database. In the future, the application of eDNA method needs to
improve relevant experimental techniques and develop DNA database to solve the corresponding dilemmas. We recom-
mend that human contamination and cross-contamination between samples should be avoided as much as possible dur-
ing sampling. For the lack of database, we suggest establishing a regional eDNA database, conducting targeted data
management and strengthening data sharing among various laboratories.
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